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(S) Process for controlling combustion of burners in furnace and an apparatus therefor. 



@ A process for controlling combustion of bur- 
ners arranged in a plurality of respective control 
zones divided in a furnace, includes the step of 
repeating a cycle of successively subjecting the 
burners to combustion for a short time. At least 
one temperature sensor is fitted in each control 
zone, a time period during which each burner is 
subjected to combustion is controlled accord- 
ing to a difference between a temperature de- 
tected by the corresponding temperature 
sensor and a preset temperature in a respective 
control zone. An apparatus is also disclosed for 
effecting such a controlling process. 
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Background of the Inventioi 




(1) Field of the Invention 

The present invention relates to a process for 
controlling combustion of burners attached to a fur- 
nace such as a firing kiln and an apparatus therefor. 

(2) Related Art Statement 

In order to control combustion of burners, it was 
conventionally a common process to proportionally 
control the output of each burner depending upon a 
temperature inside a furnace in the state that burning 
is continuously being effected through all burners. 
However, if burning is effected through the burners in 
the state that combustion output is throttled, an 
amount of a combustion gas is lacking, and the tem- 
perature distribution in the furnace largely varies. 
Consequently, a large amount of air needs to be forc- 
edly fed into the furnace even in the state that the 
combustion output is throttled. A use amount of a fuel 
for the burners needs to be increased to heat the thus 
fed air. 

In order to solve the above problem, a burner 
combustion-controlling process has been developed, 
which can control the temperature inside the furnace 
withoutthrottling the combustion output through each 
of the burners. According to this process, the interior 
of the furnace is divided into a plurality of control 
zones, burners are arranged in the respective control 
zones, and successively subjected to combustion for 
a short time, while the control zones are successively 
employed as a combustion zone, and such a combus- 
tion cycle is repeated. Fig. 6 shows this process in the 
form of a time chart. For example, the interior of the 
furnace is divided into three control zones at upper, 
middle and lower stages. The upper stage burner is 
subjected to combustion for first 6 seconds, then the 
middle stage burner is subjected to combustion for 
next 6 seconds, and the lower stage burner is there- 
after subjected to combustion for succeeding 6 sec- 
onds. This cycle is repeated. Since each burner is 
subjected to combustion, although intermittently, 
without throttling its combustion output, this process 
has an advantage in that a large amount of air need 
not be fed inside the furnace. Further, the amount of 
generated heat through all the burners can be con- 
trolled by adjusting a time period from a point of time 
at which combustion through a certain stage burner 
is stopped to a point of time at which combustion is 
succeedingly started through another stage burner. 

On the other hand, it was clarified that when the 
above burner combustion-controlling process was 
applied to an actual furnace, the following problem 
occurred. That is, according to this burner combus- 
tion-controlling process, the burners in all the control 
zones are subjected to combustion in the same pat- 



tern depending upd^^Btemperature inside the fur- 
nace. Thus, as showmn Fig. 7, it may happen that 
when the middle stage temperature approaches a 
preset temperature, the temperature in the upper 

5 stage section exceeds its preset temperature. As is 
understood from this, it was clarified that the above 
conventional intermittent burner combustion-control- 
ling process cannot exhibit sufficient effect in reduc- 
ing variations in the temperature distribution inside 

10 the furnace. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
15 above-mentioned problem, and the invention has 
been accomplished to provide a burner combustion- 
controlling process which makes it possible to reduce 
variations in the temperature distribution in the fur- 
nace, without deteriorating the advantages attained 
20 by the conventional intermittent burner combustion- 
controlling process. 

It is another object of the present invention to pro- 
vide an apparatus for effecting such a burner com- 
bustion-controlling process. 
25 A first aspect of the burner combustion-control- 

ling process of the present invention is characterized 
in that the interior of the furnace is divided into a plur- 
ality of control zones, at least one burner is arranged 
in each control zone and successively subjected to 
30 combustion for a short time, and this cycle is repeat- 
ed, wherein at least one temperature sensor is fitted 
in each control zone, a time period during which com- 
bustion is effected through each burner is adjusted 
depending upon a difference between a temperature 
35 detected by the temperature sensor and a preset tem- 
perature in a respective control zone. 

A second aspect of the burner combustion-con- 
trolling process of the present invention is character- 
ized in that the interior of the furnace is divided into 
40 a plurality of control zones, at least one burner is ar- 
ranged in each control zone and successively sub- 
jected to combustion for a short time, and this cycle 
is repeated, wherein at least one temperature sensor 
is fitted in each control zone, a time period during 
45 which combustion is effected through each burner is 
adjusted depending upon a difference between a 
temperature detected by the temperature sensor and 
a preset temperature, and if a detected temperature 
of a certain zone exceeds a preset temperature, corn- 
so bustion is skipped for the burner in said certain zone 
for a given time period during which said burner is to 
be subjected to combustion. 

The burner combustion-controlling apparatus ac- 
cording to the present invention is adapted to control 
55 combustion through burners attached to a plurality of 
respective control zones that are defined by dividing 
an interior of a furnace, through repeating a cycle of 
successively subjecting the burners to combustion 
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for a short time. The burn^^^bustion-controlling 

apparatus includes means fo^rceding air to each of 
the burners, means for feeding a fuel gas to each of 
the burners, adjusting means for adjusting the air 
feeding means and the fuel feed ing means, means for 
detecting a temperature in each of the control means, 
comparison means for memorizing a preset tempera- 
ture in each of the control zone, comparing the preset 
temperature with the detected temperature in each of 
the control zone, and outputting a signal based on a 
comparison result, and intermittent combustion-con- 
trolling means for receiving said signal from the com- 
parison means and outputting a signal to a burner- 
controlling means, said burner-controlling means 
adapted for receiving said signal from said intermit- 
tent combustion-controlling means and outputting a 
signal to said adjusting means to control feeding air 
and the fuel gas to each of the burners, said intermit- 
tent combustion-controlling means being adapted to 
output signals to said burner controllers to effect sub- 
jecting the burners to combustion in a preset circulat- 
ing manner at a given interval and to adjust a time per- 
iod during which combustion is effected through each 
burner, depending upon a difference between the 
temperature of said detecting means and the preset 
temperature. According to this apparatus, if there is 
a control zone in which the detected temperature ex- 
ceeds the preset temperature, the burner in this con- 
trol zone may be skipped through combustion for a 
given time period during which the burner is to be sub- 
jected to combustion. 

According to the first aspect of the present inven- 
tion, the temperature sensors are attached to a plur- 
ality of the respective control zones to detect the tem- 
peratures therein, and the time period during which 
each burner is subjected to combustion is adjusted 
depending upon the difference between the temper- 
ature detected by the temperature sensor and the 
preset temperature. Consequently, variations in the 
temperature distribution inside the furnace can be re- 
duced. In addition, the advantage possessed by the 
above conventional process that the burners provid- 
ed in the respective plural control zones are succes- 
sively subjected to combustion for a short time with- 
out throttling the combustion output is not deteriorat- 
ed. 

According to the second aspect of the present in- 
vention, the temperature sensors are attached to a 
plurality of the respective control zones to detect the 
temperatures therein, and if the detected tempera- 
ture in a certain control zone exceeds the preset tem- 
perature, combustion to be effected for a given time 
period is skipped for the burner in this certain control 
zone. Thus, as in the case of the first aspect of the 
present invention, the variations in the temperature 
distribution inside the furnace can be reduced. 

These and other objects, features and advantag- 
es of the invention will be appreciated upon reading 



the following descri^^Brf the invention when taken 
in conjunction with t^^ttached drawings, with the 
understanding that some modifications, variations 
and changes of the same could be easily made by the 
5 skilled person in the art 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, ref- 
10 erence is made to the attached drawings wherein: 
Fig. 1 is a sectional view of a furnace; 
Fig. 2 is a block diagram of a burner combustion- 
controlling apparatus; 

Fig. 3 is a time chart for illustrating a burner com- 
15 bustion-controlling process according to a first 

aspect of the present invention; 
Fig. 4 is a time chart for illustrating a burner com- 
bustion-controlling process according to a sec- 
ond aspect of the present invention; 
20 Fig. 5 is a perspective view of another embodi- 

ment of the present invention; 
Fig. 6 is a time chart for illustrating the conven- 
tional burner combustion-controlling process; 
and 

25 Fig. 7 is a graph illustrating the temperature in- 

side the furnace when the conventional burner 
combustion-controlling process is employed. 

Detailed Description of the Invention 

30 

In the following, the present invention will be ex- 
plained in more detail with reference to embodiments 
shown in the drawings. 

In Fig. 1, a reference numeral 1 is a furnace, and 

35 three burners 2, 3 and 4 are attached to the furnace 
in the state that the burner 2 and 4 are opposed to the 
burner 3. In this embodiment, the interior of the fur- 
nace body is divided into three upper, middle and low- 
er stage control zones, and one burner is arranged in 

40 each control zone. 

Fig. 2 shows a burner combustion-controlling ap- 
paratus. Only a related portion of the burner 2 in the 
the upper stage control zone is shown. In Fig. 2, T 2 is 
a temperature sensor, and reference numerals 5, 6 

45 and 7 show an adjuster, an intermittent combustion 
controller, and a burner controller, respectively. The 
temperature sensor T 2 detects the temperature in the 
upper stage control zone, and outputs a detected 
temperature,signal to the adjuster 5. The adjuster 

so preliminarily stores a preset temperatures for the re- 
spective control zones, compares the detected tem- 
perature with the preset temperature based on the 
signal from the temperature sensor T 2 , and outputs a 
comparison result to the intermittent combustion con- 

55 trailer 6. The intermittent combustion controller 6 pre- 
liminarily stores combustion cycling data including 
the combustion order, the combustion interval, the 
combustion duration, etc. for the burners, and re- 



3 



5 



EP 0 675 325 A1 



6 



ceives the comparison resul^^Ri the adjuster 5 and 
shortens the combustion durs^m for the burner in the 
control zone to be adjusted in temperature. The burn- 
er controller 7 outputs a control signal to a control 
valve 8. 

The control valve 8 is intermittently opened or 
closed upon receipt of a control signal outputted from 
the burner controller 7, so that air is fed to the upper 
stage burner 2 through the control valve 8. Interlock- 
ingly with this, a fuel gas is fed through a pressure- 
equalizing valve 9 to the burner 2 where combustion 
is effected. Signals are sent to the burner 3 in the con- 
trol zone at the intermediate stage from the intermit- 
tent burner controller 6 as well as to the burner 4 in 
the control zone at the lower stage, so that similar 
control is effected. 

A reference numeral 10 is a pressure-equalizing 
valve which is always opened during operating the 
apparatus according to the present invention. This 
valve functions as an ordinary pressure-equalizing 
valve which regulates the flow rate of a fuel gas based 
on the pressure of air. Reference numerals 11 and 12 
are a hand cock and a flow meter, respectively. Ref- 
erence numerals 13 and 14 are a solenoid valve for 
safety purpose and a pressure-equalizing valve, re- 
spectively. 

In the conventional burner combustion-control- 
ling method mentioned before, the burner in each 
control zone is subjected to combustion according to 
the same pattern as shown in Fig. 6. On the other 
hand, according to the first aspect of the present in- 
vention, the temperature sensor is fitted in each con- 
trol zone, the time period during which the burner is 
subjected to combustion is adjusted based on a dif- 
ference between the temperature detected by the 
temperature sensor and a preset temperature. Fig. 3 
illustrates a concrete example of such controlling. For 
example, if the temperature of the control zone at the 
upper stage exceeds the upper limit of a preset tem- 
perature range, the time period during which the 
burner 2 at the upper stage is subjected to combus- 
tion is gradually shortened, whereas if the detected 
temperature becomes lower than the lower limit of the 
preset temperature range, the shortened time period 
is restored to the original preset temperature. Further, 
a similar controlling is illustrated with respect to the 
burner 3 at the intermediate state. Contrary to the 
conventional controlling process, according to the 
present invention, only the combustion time period is 
varied for each of the necessary combustions, but the 
intermittent combustion cycle is maintained as a 
whole as it is. 

According to the second aspect of the present in- 
vention, the temperature sensor is fitted in each con- 
trol zone. With respect to the control zone in which the 
temperature detected by this temperature sensor ex- 
ceeds the preset temperature, the burner in that con- 
trol zone is skipped over through combustion preset 



for a given time pe^^pig. 4 shows a concrete ex- 
ample of such contro^^. For example, if the temper- 
ature in the control zone at the upper stage of the fur- 
nace exceeds the preset temperature and when time 
5 comes to subject the burner 2 at the upper stage to 
combustion, the burner is skipped over through com- 
bustion at this time. If the detected temperature be- 
comes lower than the preset temperature, combus- 
tion of the burner 2 begins to be effected. Fig. 4 shows 
10 similar controlling with respect to the burner 3 at the 
intermediate stage. According to this control process, 
the burner or burners are skipped through combus- 
tion at given time period(s), but the intermittent com- 
bustion cycle is maintained as a whole as it is. 
15 When the combustion is controlled with respect 

to the burners as mentioned above, the advantage 
obtained when the burners in plural control zones are 
successively subjected to combustion for given short 
time period without throttling the burners is main- 
20 tatned as it is, and the disadvantage occurring when 
the combustion outputs of the burners are throttled is 
avoided. In addition, since the combustion of the 
burners can be controlled with respect to each of the 
control zones, variation in the temperature distribu- 
25 tion inside the furnace can be reduced. 

In the above embodiments, a single burner is ar- 
ranged in each of the control zones. However, as 
shown in Fig. 5, the furnace body 1 is divided into 
three, i.e., upper, intermediate and lower control 
30 zones, and a plurality of burners 2, 3, 4 may be ar- 
ranged in each control zone. In this case, those burn- 
ers belonging to the same control zone are controlled 
together. Although a plurality of the control zones are 
arranged vertically in the above embodiments, such 
35 control zones may be defined in a lateral direction of 
the furnace body. A single temperature sensor may 
be arranged for every control zone or for every burn- 
er. 

For example, a single furnace in which eight 

40 burners were arranged in each of the control zones 
at the upper, intermediate and lower stages, respec- 
tively, was used, the temperature in the furnace was 
set at 350°C, and a difference in the temperature dis- 
tribution between an upper portion and a lower por- 

45 tion was measured. As a result, it was made clearer 
that the temperature difference was 121 °C in the 
case of the conventional combustion-controlling 
process as shown in Fig. 6, whereas the temperature 
difference was reduced to 83°C in the case of the 

so combustion-controlling process according to the first 
aspect of the present invention. 

As mentioned above, according to the burner 
combustion-controlling process and apparatus of the 
present invention, the variation in the temperature 

55 distribution inside the furnace can be diminished 
without damaging the advantage in the conventional 
intermittent burner combustion-controlling process. 
Accordingly, the invention process is favorably adopt- 
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ed to control the combustioi^^ft burners in the fur- 
nace for firing the ceramic ar^ras which are likely to 
be damaged by temperature differences. 



Claims 

1. A process for controlling combustion of burners 
arranged in a plurality of respective control zones 
divided inside a furnace, said process comprising w 
the step of repeating a cycle of successively sub- 
jecting said burners to combustion for a short 
time, wherein at least one temperature sensor is 
fitted in each control zone, a time period during 
which each burner is subjected to combustion is 15 
controlled according to a difference between a 
temperature detected by the corresponding tem- 
perature sensor and a preset temperature in a re- 
spective control zone. 

20 

2. The controlling method according to Claim 1, 
wherein if there is a control zone in which the de- 
tected temperature exceeds said preset temper- 
ature, the burner in said control zone is skipped 
over through combustion for a given time period 25 
during which the burner is to be subjected to com- 
bustion. 



burner, depen 
the temperature 
preset temperature. 
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The apparatus according to claim 3, wherein if 
there is a control zone in which the detected tem- 
perature exceeds the preset temperature, the 
burner in this control zone may be skipped over 
through combustion for a given time period dur- 
ing which the burner is to be subjected to com- 
bustion. 



3. A burner combustion-controlling apparatus for 

controlling combustion of burners provided in re- 30 
spective control zones defined by dividing an in- 
terior of a furnace through repeating a cycle of 
successively subjecting the burners to combus- 
tion for a short time, said apparatus including 
means for feeding air to each of the burners, 35 
means for feeding a fuel gas to each of the burn- 
ers, adjusting means for adjusting the air feeding 
means and the fuel feeding means, means for de- 
tecting a temperature in each of the control 
means, comparison means for memorizing a pre- 40 
set temperature in each of the control zone, com- 
paring the preset temperature with the detected 
temperature in each of the control zone, and out- 
putting a signal based on a comparison result, 
and intermittent combustion-controlling means 45 
for receiving said signal from the comparison 
means and outputting a signal to a burner-con- 
trolling means, said burner-controlling means 
adapted for receiving said signal from said inter- 
mittent combustion-controlling means and out- so 
putting a signal to said adjusting means to control 
feeding air and the fuel gas to each of the burn- 
ers, said intermittent combustion-controlling 
means being adapted to output signals to said 
burner controllers to effect subjecting the burn- 55 
ers to combustion in a preset circulating manner 
at a given interval and to adjust a time period dur- 
ing which combustion is effected through each 
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